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Abstract 
The sediment dwelling oligochaete Lumbriculus variegatus is an increasingly common organism for 
biological assays. When conducting experiments with L. variegatus OECD Guideline for the Testing 
of Chemicals 225 recommends a concentration of organic matter of 0.4-0.5% of the dry weight of 
the sediment (OECD, 2007). This study tries to see if this is the optimal amount of organic matter 
for L. variegatus and how the amount of organic matter affects L. variegatus when exposed to a 
toxic compound like copper. This was tested using treatments with different levels of organic 
matter and two different copper concentrations. Natural sediment and hydrogen peroxide treated 
sediment was mixed to create the different treatments with different organic content (O100, O75, 
O50, O25 and O0). In the first experiment, one set of treatments was not exposed to any copper 
and two other sets of treatments were exposed to respectively 140 and 220 mg Cu/kg dry weight 
sediment. The results showed no significant differences in mortality and growth, but there was a 
tendency for some of the worms to discard their head or tail, which could possibly be a stress 
reaction or another unknown factor. Burrowing was observed from day 1 to day 7 in the 50%, 75% 
and 100% treatments. On day 1 there was significantly more burrowing in the 100% treatment 
compared to the 0% and 25%. After day 7 no digging was seen for the remainder of the 
experiment. 100% mortality was observed in both ofthe copper concentrations (140 mg/kg and 
220 mg/kg). Measurements of copper in the overlaying water showed concentrations that were 
significantly higher than expected. This could be a factor in the high mortality rate. 
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Resumé 
Lumbriculus variegatus is a freshwater oligochaete that feeds off organic material found in the 
sediment it lives in. L. variegatus is a commonly used organism for biological assays for several 
reasons. One such reason is that it is a widespread species and is representative of many 
freshwater ecosystems in North America and Europe. Another reason is that L. variegatus as a test 
organism is incredibly easy to culture and handle (Phipps et al., 1993). Besides being 
representative and easy to handle L. variegatus is also capable of being exposed to toxic 
compound through various means as it both lives in and ingests sediment. This makes it useful as 
it has sufficient biomass to make the assessment of bioaccumulation possible (Phipps et al., 1993). 
The OECD guideline no. 225 (2007) recommends using artificial sediment with a concentration of 
between 0.4% and 0.5% total organic material (TOM), when conducting tests with L. variegatus. 
However not all ecosystems in nature will neatly follow such guidelines and as such it can be 
relevant to see how lower concentrations of TOM potentially affect both L. variegatus and their 
sensitivity towards a toxic compound. One such toxic compound is copper, which is also very 
common in the various modern industries and is an integral part of various parts of human life. 
Examples of such sources of copper include construction work, copper wiring, plumbing, industrial 
machinery, and vehicles (Lenntech, 2015a), (Doebrich et al., 2015). This means that copper 
pollution of various ecosystems in industrialized countries is a real risk. This is will not affect the 
ecosystems suddenly, but rather builds up to eventually reach toxic levels. When copper enters an 
ecosystem it binds itself to the organic matter in the sediment and as such sediments with higher 
levels of TOM might also contain higher concentrations of copper. If L. variegatus has a strong 
preference for higher levels of TOM, copper pollution might either kill the L. variegatus or 
negatively affect the predators that feed on L. variegatus. Copper pollution of the sediment could 
in turn affect entire food chains negatively due to the bioaccumulation of heavy metals such as 
copper. 
A 28 day experiment (Experiment 1) was designed to investigate how varying levels of TOM 
affected the worms and how it affected the sensitivity of the worms towards two concentrations 
of copper. The endpoints that were looked at in this regard were the survival, growth, and 
burrowing activity of the worm during the experiment. In order to prepare the sediment for the 
worms, natural sediment was gathered, sieved, and frozen for 24 hours to ensure that no outside 
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organisms remained in the sediment. Following this, the sediment was split into two batches. One 
batch was exposed to H2O2 and the other batch was not exposed to anything. This was done to 
remove organic matter from the sediment as H2O2 is an effective chemical reagent for this 
purpose and is able to remove up to 93% of the original TOM.  
Afterwards the H2O2 treated and untreated sediment were both washed, which was done to 
remove any traces of H2O2 that might remain in the sediment as this could potentially be toxic to 
the worms. With the two batches being one with low levels of TOM and one with natural levels of 
TOM they were then mixed together to create a gradient of TOM ranging from 100% untreated 
sediment to 0% untreated sediment (100%, 75%, 50%, 25% and 0%).  These five treatments were 
subsequently named O100, O75, O50, O25 and O0. These five treatments were further sub-
divided into three sets. The first set was left unexposed to copper to have a set of treatments 
focusing solely on the effects of varying levels of TOM, which was designated part a of the 
experiment. The second set was spiked with 140 mg Cu/kg dry weight (dw) sediment, as this had 
previously been observed to be the 28 day LOEC (lowest-observed-effect concentration) by Roman 
et al. (2007), which was designated as part b of the experiment. The third set was spiked with 220 
mg Cu/kg dw sediment as this was the 28 day LC50 optained from a study by Roman et al. (2007), 
which was designated as part c of the experiment. 
To prepare the worms for the experiment they were taken from a culture at RUC and synchronized 
to ensure that all worms used were at approximately the same developmental stage and size. 
These synchronized worms were used 10-14 days after synchronization, after which they were 
then distributed into well plates with 12 wells with four wells making up one replicate and each 
treatment having five replicates. Each worm was given 4.3 g dw sediment and artificial water. 
During the experiment, the worms were observed approximately every second day and their 
water was renewed with artificial water every fifth day. This continued until day 28 where the 
experiment was terminated. The results of Experiment 1 were that all worms in any sort of 
copper-spikes treatment died after a single day of exposure. There was no significant difference in 
part a in the survival of the worms between any of the different levels of TOM. There was also not 
observed any significant difference in the growth of the worms although some of the worms had 
discarded their tails and heads towards the end of the experiment. There was however a 
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significant difference between the burrowing activity of O100 compared to O25 and O0 on day 1. 
The following days showed no significant difference and eventually showed almost no burrowing 
activity. 
Following Experiment 1 it was unknown what had caused the worms in the copper spiked 
treatments too die after a single day of exposure. It is possible that the copper concentrations in 
the sediment were too high because, that the water had been contaminated with copper, or 
another unknown factor. Therefore, a second experiment, Experiment 2, was designed to 
investigate how the worms would respond to lower concentrations of copper, thereby checking if 
the concentrations of copper initially used (140 and 220 mg Cu/kg dw sediment) were too high. In 
Experiment 2 the O100 and O0 sediment treatments from Experiment 1 were mixed to produce 
sediment to be used for the worms. The worms for Experiment 2 were synchronized like the 
worms in Experiment 1. This time, instead of well plates, beakers were used as containers for the 
worms. A total of four different copper concentrations and a copper free control were used in 
Experiment 2 as treatments. These four concentrations were 25, 50, 75 and 100 mg Cu/kg dw 
sediment. As the only relevant parameter in Experiment 2 was survival, the worms weren’t 
separated individually during the experiment. Instead the worms were distributed in groups with 
10 worms per beaker over three replicates per treatment for a total of 15 beakers. The worms in 
Experiment 2 were observed as in Experiment 1. 
The results of Experiment 2 were that except for the 0 and 25 mg Cu/kg dw sediment treatments 
there was a 100% mortality after a single day of exposure. The 25 mg Cu/kg dw sediment 
treatment saw minor survival with three surviving worms in a single beaker after day one, all of 
which had died after seven days of exposure. The control containing no copper did not see any 
mortality, indicating that it was not the handling of the worms that had caused the mortality. 
Due to the high mortalities observed in Experiment 1 and 2, it was decided to measure exactly 
how much copper was in the overlaying water. Ideally the copper concentrations of the sediment 
would also have been measured but because of a limiting time schedule the overlaying water was 
prioritized. To measure the copper concentrations in the overlaying water, samples of the 
overlaying water from both experiments were gathered and measured using AAS (Atomic 
absorption spectroscopy). 
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The measurements of copper concentrations in the overlaying water showed that the copper 
concentrations in the water were very high ranging from 123 µg Cu/L at the lowest concentration 
(25 mg Cu/kg dw sediment) to 8103 µg Cu/L in the highest concentration (220 mg Cu/kg dw 
sediment). Interestingly the increase in Copper in the water was not linear compared to the 
concentrations of copper in the sediment, but rather exponential. This exponential increase could 
indicate that the sediment might become saturated as more copper is added. The sediment might 
not be able to bind any more copper, after which it leach into the water. The sediment used in this 
experiment was natural sediment gathered in nature. Typically, experiments with L. variegatus are 
done using artificial sediment which contains nothing outside of what is added to it. Due to this 
sediment being natural, the sediment might already contain some copper as well as various other 
compounds. This could possibly be part of the reason why the copper leached into the water as 
the sediment might already have been partially saturated. A more plausible explanation however 
is that the Cu-solution was not properly distributed in the sediment for some reason, and 
therefore did not bind optimally to the sediment, resulting in the equilibrium not being reached 
before use. 
The conclusion of  these experiments is that the levels of TOM in sediment do not seem to affect L. 
variegatus significantly within the 28 day period with regards to survival and growth. There is 
however some difference in their initial burrowing activity depending on the TOM with the O100 
treatment being significantly different from the O25 and O0 treatments. It is unknown what 
exactly killed the worms although it can be speculated to be due to copper leaching into the water 
as the concentrations found in the water were lethal. Without examining the sediment, however, 
this cannot be concluded with certainty as there might possibly be an error with the copper 
concentrations in the sediment itself. 
It could be interesting to observe the differences between the natural and artificial sediment and 
whether it affects the toxicity and equilibrium of the copper. Also of interest could be studying 
how different methods of spiking the sediment affect the time it takes to reach equilibrium, and 
whether the dryness of the sediment and the concentration of the solution makes any difference. 
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1. Introduction 
Ecotoxicology combine the methods of ecology and toxicology to study the effects of toxic 
substances and pollutants on the environment. To protect the environment and biodiversity, it is 
of high importance that the effects of these toxic substances are understood. Lumbriculus 
variegatus is a widely used test organism in ecotoxicology testing of acute and chronic toxicity of 
bioaccumulatable compounds (Phipps et al., 1993). L. variegatus is a sediment dwelling freshwater 
oligochaete that is found throughout Europe and North America (Drewes, 2004). They are typically 
found in shallow freshwater environments such as swamps and marshes but can also be found in 
shallow parts of streams and lakes and occasionally in deeper waters (Drewes, 2004). Five reasons 
can be given for the popularity of using L. variegatus (Phipps et al., 1993): 
• It is suitable for long-term testing of chronic toxicity endpoints; these can be growth, 
reproduction and survival. 
• It represents a relevant component of freshwater ecosystems ecologically. 
• It can be exposed via all the important routes of concern, which include ingestion of 
contaminated sediment. 
• The biomass is sufficient to assess the bioaccumulation of contaminants. 
• L. variegatus is easy to culture and handle. 
Some of the toxic elements which are tested in ecotoxicology are heavy metals. Heavy metals are 
defined by being metals with a relatively high density when compared with water (Tchounwou, et 
al., 2012).  Heavy metals are naturally found in the Earth’s crust, and they cannot be degraded. 
Heavy metals have toxic effects, and enter the body via food, water, and air (Lenntech, 2015b). 
They tend to bioaccumulate; this means that the concentration of the heavy metal in a biological 
organism increases over time, which makes heavy metals dangerous (Lenntech, 2015b). Because 
heavy metals cannot be degraded, they are not readily removed from sediment. As a result, the 
concentration of heavy metals within the sediment will increase. This makes it important to know 
how these heavy metals affect organisms like L. variegatus, which is a food source for larger 
predators. The effect is thereby not only on L. variegatus, but also the higher trophic levels which 
are dependent on this species. One of the heavy metals which have been tested frequently is 
copper. Copper and its compounds have been widely used, starting about 8000 B.C., where it was 
used in ornaments and coins. Today copper is used in building constructions, copper wiring and 
 10 
plumbing, industrial machinery, and vehicles (Lenntech, 2015a)(Doebrich et al., 2015). In 
agriculture, copper is widely used in pesticides (US EPA, 2008), as feed additive in swine feed 
(Jacela, et al., 2010), and in fertilizers (Schulte & Kelling, 1999). Copper from these sources and 
from copper mining is released into the environment through wastewater and agricultural runoff. 
Copper binds to organic material in the sediment (Schulte & Kelling, 1999), which is the primary 
food source for L. variegatus (Drewes, 2004). This means that lower amounts of organic material 
gives an increase in available copper. Heavy metal toxicity depends on several factors; among 
these is the nutritional status (Tchounwou, 2012). This makes it relevant to study how the amount 
of organic matter in sediment affects the survival, growth, and burrowing activity. This could be 
relevant in relation to population limitations. It is also relevant to know how the amount of 
organic matter affects the toxic effect of copper in the sediment, which is relevant when 
comparing laboratory results with field results. 
2. Scientific question 
How does the amount of total organic material in sediment affect the freshwater oligochaete 
Lumbriculus variegatus, in regards to survival, growth, and burrowing activity, and how does it 
affect the toxicity of copper in sediment? 
3. Hypothesis 
Lower levels of organic material in the sediment are expected to have a negative effect on the 
survival growth and burrowing activity of L. variegatus. Lower levels of organic material in 
sediment are also expected to increase L. variegatus’ sensitivity to toxic levels of copper in 
sediment, both because of increased sensitivity and because less organic material reduces the 
amount of copper being bound in the sediment (Schulte & Kelling, 1999). 
4. Audience 
This report is written for an audience with knowledge about environmental biology, ecotoxicology 
and chemistry on a bachelor level. 
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5. Theory 
5.1 Lumbriculus variegatus 
In this section the test organism L. variegatus will be described, twith a focus on how the worms 
live, feed, and reproduce. 
L. variegatus are head-down conveyor-belt feeders, which burrow into sources of organic material 
such as sediment and decaying leaves. Here they continuously feed off of the organic material and 
microorganisms they can gain access to (Landrum et al., 2002). 
 
Figure 1 Lumbriculus variegatus showing the head and tail - (picture taken with an Olympus SC30 camera mounted on an 
Olympus SZ61 microscope 8x magnification) 
L. variegatus show clear differences in both the pigmentation and shape of their bodies which 
allows for distinguishing head and tail. The head and tail are both distinctively different from the 
rest of the body with the tail being elongated, thinner and transparent whilst the head is shorter, 
darker, and thicker, as can be seen in figure 1.  
The thinner tail of L. variegatus is highly specialized for gas exchange, by having the blood vessel 
lying just under the epidermis. To facilitate the gas exchange the tail is stretched vertically up in 
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the water, and if it reaches the water surface the tail will form a right angle bend where the tail 
breaks the water surface tension. This makes it possible for L. variegatus to have gas exchange 
from the air (Drewes, 2004). 
L. variegatus is segmented, and can reach upwards of 200-250 segments or approximately 10 cm 
in sexually mature worms. In nature L. variegatus go through both sexual reproduction and 
fragmentation, which is asexual. Fragmentation is spontaneous and involves the worm splitting 
into two or more body fragments. Each fragment, if they survive, will regenerate head end, tail 
end, or both ends. Fragmentation is the most common reproduction type under laboratory 
conditions, where the worms are usually smaller, and therefore never reaches the point of sexual 
maturity (Drewes, 2004). Each segment of L. variegatus is capable of regenerating into a new 
worm (Tweeten & Anderson, 2008). This is exploited when using L. variegatus in experiments to 
ensure that they are approximately the same size and at the same developmental stage. 
5.2 Removal of organic material with hydrogen peroxide  
This section will detail the use of hydrogen peroxide (H2O2) to remove organic material from soils 
and sediment, in order to obtain an understanding of the method used in the experiment. It is 
based on the study of Mikutta et al. (2005). 
H2O2 is one of the most widely used chemical reagents for the destruction of organic matter.  
Through time a wide range of protocols for removal of organic matter have been proposed that 
are optimized to different conditions of the soil or sediment, depending on mineralogy, organic 
matter content, and quality of the soil. Most of these protocols suggest the use of 30% H2O2, but 
also 10% and 50% are suggested. The reaction rate between H2O2 and organic material increases 
with temperature, but the decomposition of H2O2 is also accelerated at higher temperatures, so 
that at high temperatures more H2O2 is needed, while at lower temperatures the contact time has 
to be extended. The removal of organic matter from soil and sediment with H2O2 requires several 
days, and a reliable indicator for the completion of the reaction does not exist. When using H2O2, a 
lack of visible frothing and bleached soil color can be used as an indicator of a completed reaction, 
but this is not completely reliable because frothing can continue as excess H2O2 decompose. H2O2 
does not completely remove the organic matter, and the extent of removal varies with soil type 
and particle-size, ranging from <20% to >93%.  
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The basics of the oxidation of organic matter with H2O2 can be shown by a theoretical reaction 
between glucose (C6H12O6) and H2O2.  
1222 + 6126 → 182 + 62 
This is a very simplistic reaction; glucose is a simple form of organic matter, and much organic 
material will also include for example nitrogen, phosphor, and a range of trace metals. 
5.3 Copper 
In this section the essential and toxic properties of copper will be described, to illustrate copper’s 
effects on biological organisms. 
Copper is an essential mineral in the biochemistry of cells. It is an important part of the cells’ 
oxidation and reduction mechanisms. Copper is found in enzymes such as cytochrome oxidase, 
which is the terminal enzyme in respiration, and it catalyzes the reduction of O2 to two H2O. It is 
also found in the enzyme superoxide dismutase, which is involved in the cells’ defense against 
oxygen radicals. Cu ions can exist in an oxidized form (Cu
2+
) and a reduced form (Cu
+
) (Linder & 
Hazegh-Azam, 1996), which means Cu ions can be part of both oxidation and reduction reactions. 
Even though copper is an essential mineral, it is also toxic in larger concentrations. Normally there 
are very low concentrations of free Cu ions in the blood and cells (Linder & Hazegh-Azam, 1996). 
One of the proposed mechanisms of copper toxicity is that these free Cu ions participate in the 
formation of reactive oxygen species. This happens via the Haber-Weiss reaction seen below, 
where Cu
2+
 is reduced by superoxide (O2
•-
) to Cu
+
, which can catalyze the reaction of hydroxyl 
radicals (
•
OH), the most powerful oxidative radical to arise in biological systems, from hydrogen 
peroxide (H2O2).  
2
•−
+ 
2+
=  
+
+ 2 

+
+ 22 =  
2+
+ 
−
+  
•
 
Free oxygen radicals are any species containing oxygen that is capable of independent existence, 
and which contain one or more unpaired electrons. These unpaired electrons make the radical 
more reactive. Free oxygen radicals are also called reactive oxygen species, and are known for 
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damaging proteins and DNA (Ahsan et al., 2003). Copper is also known to enhance DNA strand 
breakage. 
6. Method 
To investigate whether the amount of organic matter in the sediment has an effect on the survival, 
growth, and burrowing activity, and if it affects the tolerance towards toxic levels of copper in the 
sediment, sediment was mixed to five different amounts of organic material. The experiment was 
done in three parts; part a without copper, part b with 140 mg Cu/kg dryweight (dw) sediment, 
and part c with 220 mg Cu/kg dw sediment. Every part of the experiment was done with five 
replicas consisting of four wells, with one worm in each, in a well-plate. 
Because of high mortality in the initial copper experiments two clarifying experiments was done. 
First a concentration-response experiment (experiment 2), was done with five amounts of copper 
ranging from 0-100 mg Cu/kg dw. Finally, the copper concentration of the overlaying water from 
both the initial copper experiments and the concentration-response experiment was measured to 
check whether the copper had entered the water phase. 
6.1 Preparation of sediment 
In this section it is described how the sediment was prepared for the experiments. 
Sediment was collected near Munkholm Bridge in Isefjord, and was sieved in deionized water 
through a 250 µm steel mesh screen and was allowed to settle for a few days.  After settling, the 
overlying water was removed carefully, so as to not stir up the sediment. The sediment was then 
stored at -20 °C for at least 24 hours to kill any living organisms in the sediment. Afterwards half of 
the sediment was treated with approximately 36 mL 30% H2O2 per 100 g wet weight sediment. 
The hydrogen peroxide was added in small doses over five days as described in appendix A. This 
was done to oxidize organic material in the sediment. After the H2O2 treatment was done, both 
the treated and untreated sediment was washed twice, by adding deionized water, stirring it, and 
leaving it to settle for 24 hours. After this, the sediment was washed 10 times by mixing it with 
deionized water and then centrifuging it at 1000 x g for five minutes. This was done to separate 
the water from the sediment and wash out any left-over hydrogen peroxide. The last of the 10 
washes was done with artificial water to make the sediment suitable for use in the experiment. 
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Three samples of both the H2O2 treated sediment and untreated sediment were placed in pre-
burnt crucibles (burnt at 550 °C for six hours) and then heated in an oven for 24 hours at 105 °C to 
find the ww to dw ratio. The sediment was then mixed to the desired concentrations of untreated 
sediment calculated by dw (0%, 25%, 50%, 75% and 100%; see table 1 for additional info). The 
mixed sediments samples where then placed on a shaking table for four days to be homogenized. 
Three samples from each of the five treatments was heated in an oven for 24 hours at 105 °C to 
find the new ww to dw ratio, and was afterwards heated at 550 °C for six hours to measure the 
total organic matter (TOM) as loss on ignition (LOI) in the different treatments.   
6.2 Spiking of sediment 
In this section it is described how the sediment was spiked for the toxicity experiments. 
The sediment was spiked with a CuCl2 solution. A solution of 1.17 M was made by dissolving 
CuCl2∙2H2O in Milli-Q water.  Concentrations of 140 mg/kg dw sediment and 220 mg/kg dw 
sediment were chosen, as these were found to be, the 28 day lowest observed effect 
concentration (LOEC), and the 28 day LC50, which is the concentration needed for 50% of test 
organisms to die within the exposure period, in a study by Roman et al. (2007). Each treatment 
contained 20 worms, each of which was in a well with sediment equivalent to 4.3 g dw. Every 
treatment therefore contained 86 g of sediment in total. To ensure there was enough sediment, 
100 g was prepared for each treatment. To obtain the needed concentration in the sediment, the 
volume of Cu-solution that should be added was calculated to 188.03 µL in the 140 mg Cu/kg dw 
sediment treatment and 295.90 µL in the 220 mg/kg dw sediment. Detailed calculations can be 
found in appendix A. 
6.3 Preparation of artificial water 
In this section it is described how the artificial water used in the experiments was prepared. 
When conducting experiments with L. variegatus, artificial water was used in accordance to OECD 
guideline no. 225 (2007) for the testing of chemicals. This eliminates the problems of different 
types of water being used in experiments, and makes them easier to replicate and compare. The 
water was mixed by adding 2.95 g MgSO4∙7H2O; 2.4 g NaHCO3 and 0.1 g KCL to 23.75 liters of 
milliQ-water and then aerated for one day. At the same time 1.25 g CaSO4∙2H2O was added to 1.25 
liters of MilliQ-water and stirred under heating until it was dissolved, which was done to ensure 
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that CaSO4∙2H2O was dissolved as it is only slightly soluble. When dissolved, the CaSO4∙2H2O 
mixture was added to the other 23.75 liters of water and aerated overnight. 
6.4 Rearing and synchronizing L. variegatus 
In this section it is described how L. variegatus is kept at RUC, and how they were synchronized 
before use. 
The worms used in the experiment were reared in a culture at RUC, who obtained the worms from 
a culture at DTU which originally came from Aquatic Research Organisms in New Hampshire USA. 
At RUC the worms are held in aquariums with gently aerated artificial water and tissue paper, with 
a glass lid, at 17 °C with a 16:8 light:dark cycle. Each week the aquariums are cleaned thoroughly 
and the water renewed. 
Before using L. variegatus in the experiment, they were synchronized to make sure the worms 
were approximately at the same developmental stage and body size. When synchronized, 
approximately one cm of their posterior end was cut off to use in the experiment and separated 
from the remaining anterior end. 
Afterwards the worms were left for 10-14 days in accordance with OECD guideline no. 225 (2007); 
this was done to allow the worms to regenerate their heads properly before use in the 
experiment. It was checked that the worms were fully regenerated before the experiment was 
started. 
6.5 Measuring of L. variegatus 
In this section it is described how growth of L. variegatus was measured. 
To obtain data about the growth of the worms, they were measured by taking pictures with an 
Olympus SZ61 microscope with an Olympus SC30 camera mounted on it. The lengths of the worms 
were then measured in the program Olympus Cell
D
. After the lengths were measured the worms 
were gently moved to a petri dish and weighed. Because it was first decided to measure the 
growth one day after the experiment started, pictures were taken of the worms on day 1 and on 
day 28. To get the approximate start weight, 50 worms were synchronized and after 14 days they 
were measured and weighed. The average lengths and weights were then used to make a 
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weight:length ratio in the new worms. This ratio was then multiplied with the average length of 
the worms used in the experiment to find an approximate start weight as shown below. 
ℎ: ℎ  =
ℎ
ℎ
=
13.6 
12.97 
= 1.049 / 
##$ % ℎ = 1.049


∗ ℎ'()*(  
6.6 Experiment 1: Influence of sediment organic matter content 
In accordance to OECD guideline no. 225 (2007) for the testing of chemicals, each worm requires 
4.3 g dw sediment. To get this amount of sediment, the wetweight (ww)/dw ratio was used to 
calculate how many grams of ww sediment corresponded to 4.3 grams of dw sediment. The 
corresponding amount of ww sediment was then distributed to each well on 30 well plates with 12 
wells, each plate was divided into three treatments and each well plate acted as a replica. The six 
different treatments were labeled as O0, O25, O50, O75 or O100. A duplicate of the O100 was 
made twice for statistical purposes. An example of the two different types of well plates can be 
seen in figure 2. Table 1 shows how much of the sediment mixed for each treatment is natural 
sediment and H2O2 treated sediment.  
 
Composition of sediment in treatments 
Treatment name Natural Sediment H2O2 Sediment 
O100 100% 0% 
O75 75% 25% 
O50 50% 50% 
O25 25% 75% 
O0 0% 100% 
Table 1 The different treatments and their composition of natural and H2O2 treated sediment. 
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Figure 2 Experimental setup of the well-plates used, every plate got a plate number, here plate 2 and 10 is shown. The numbers 
0, 25, 50, 75 and 100 is the different treatments used. To be able to follow each worm, every worm was numbered. Each plate 
consisted of four worms per treatment, which got the numbers 1, 2, 3 and 4. 
 
Artificial freshwater was then added and the sediment was left to settle overnight The following 
day the water was replaced with new water and left to settle for 24 hours before L. variegatus was 
added, with one worm being added to each well. During the experiment the worms were held at 
17 °C. The survival and burrowing behavior of the worms was then noted after both 24 and 48 
hours and afterwards on day 5, 8, 10, 12, 14, 16, 19, 21, 23, 26 and 28. The overlaying water was 
also exchanged with new water every fifth day and on the 28
th
 day the experiment was terminated 
in accordance to OECD guideline no. 225 (2007). 
The survival was noted as either a 1 (alive) or 0 (dead) whilst the burrowing activity was noted as 
either a 1 (no burrowing, worm is on top of the sediment) or 2 (worm is partly burrowed or fully 
burrowed into the sediment). If a worm at the end of the experiment was still noted as a 2, it 
would be dug up to make sure that it was actually fully burrowed, if the worm was found to be 
dead, it was registered as dead from the day it disappeared. This assumption was made because if 
the worm has died while being burrowed into the sediment, there would be no way of knowing 
when it died.  
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6.7 Experiment 2: Concentration-response 
In this section the method for the concentration-response experiment is described. 
For the concentration-response experiment the remaining sediment from the previous experiment 
was mixed together to create sediment with a TOM approximately in the middle of the O0 and 
O100 treatments used for the previous experiment. The TOM was measured to be 0.17% which is 
consistent with a mix of 75% H2O2 treated sediment and 25% natural sediment. After the sediment 
was mixed it was separated into five separate beakers and the desired copper concentrations 
were added to four of the five beakers as the last beaker would serve as the control sediment.  
The four copper concentrations were chosen to be 25, 50, 75 and 100 mg Cu/kg dw sediment. 
After the copper was distributed to the four beakers they were thoroughly mixed to ensure an 
even distribution of copper throughout the sediment. Following this all five treatments were split 
into three replicates which in this experiment was three separate beakers containing 43 g dw 
sediment of each type. This was done to allow for 10 worms in each replicate resulting in a total of 
150 worms distributed among the 15 beakers. 
Before the experiment was started the sediment was allowed to settle for three days with artificial 
water, which was renewed before the worms were added to the beakers and the experiment 
began. 
6.8 Measuring of copper with Atomic absorption spectroscopy - AAS 
In this section the method for Atomic absorption spectroscopy for measuring copper in the 
overlaying water is described. It was decided to only measure copper in the overlaying water due 
to time limitations, and the calculations of added copper to the sediment was checked several 
times. 
Atomic absorption spectrometry (AAS) is an analytical technique which measures the 
concentration of different elements in a sample. This type of analysis is very sensitive and can 
measure concentrations as low as parts per billion (ppb) of one gram. The water samples were 
prepared for measurement by mixing 12.5 mL of the sample with 3.12 mL of nitric acid. The 
prepared samples were then heated with microwaves in four heating steps, each lasting six 
minutes followed by five minutes of ventilation. Afterward the samples were cooled down for 20 
minutes in a water cooling system. To measure the concentration of copper, a standard curve was 
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made ranging from 0-40 µg/L. To get accurate measurements the results has to be within the 
range of the standard curve. The samples were diluted to ensure concentrations within the 
standard curve. 
A graphite furnace atomic absorption was used. When using the GFAA, the sample was introduced 
directly into a graphite tube. The tube was heated in a series of steps which were pre-
programmed into the machine. These steps were there to remove the used solvent and major 
matrix components, and then atomize the remaining sample. The programmed steps ensured that 
all of the analyte was atomized, and was retained inside the tube. Light of a wavelength of 324.8 
nm, which is known to be absorbed by copper, were sent through the tube, and the absorbance is 
registered by a detector.  
6.9 Statistics 
Statistical analysis was done to determine if the differences in the obtained data were caused by 
the treatments or if it was caused by natural variation. 
The first step in the statistical analysis was to test the data for normal distribution, if a p-value 
higher than 0.05 the data was normally distributed. If the data was normally distributed a Levene’s 
test was used to test for equal variance. If this gave a p-value higher than 0.05 the variance is 
equal and a one-way ANOVA was used. If the p-value was lower than 0.05 or if the data was not 
normally distributed a non-parametric Kruskal-Wallis test was used followed by a Conover-Inman 
pairwise comparison. The software Systat 13 was used to carry out the statistical analysis 
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7. Results 
7.1 Influence of sediment organic matter content 
7.1.1 Total organic Matter In Sediment 
 
Composition of sediment in treatments 
 
Treatment name Natural Sediment H2O2 Sediment TOM in treatment 
O100 100% 0% 0.41% 
O75 75% 25% 0.33% 
O50 50% 50% 0.03% 
O25 25% 75% 0.10% 
O0 0% 100% 0.10% 
Table 2 Sediment Total Organic Matter (TOM) measured by loss on ignition. Five different levels of TOM was obtained by mixing 
natural filtered sediment with H2O2 treated sediment (n=3 in all except O50 where n=2). 
In table 2 the TOM (Total Organic Matter) values of the five different types of sediment 
treatments produced for Experiment 1 are presented. The values range from 0.41% TOM in the 
sediment composed of 100% natural sediment to 0.10% in the sediment composed of 100% H2O2 
treated sediment. When the 0 and 100% treatment were mixed to create sediment for Experiment 
2 at an approximately 50:50 ratio the TOM value was measured to be 0.17%. 
7.1.2 Survival of L. variegatus in experiment 1 
 
Figure 3 Survival of L. Variegatus exposed to five sediment treatments composed of differing levels of organic material over the 
course of the experiment. O25 and O0 had a survival of 100% (n=5), O50 had 95% survival on day 14, and 85% survival on day 28 
(n=5). O75 had 95% survival, with observed mortality at day 7 (n=5). O100 had 97.5% survival at day 19 and 90% survival on day 
21 (n=5). 
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Figure 3 shows the survival of L. variegatus in the respective treatments (O, O25, O50, O75 and 
O100) over the 28 days of the experiment, with day 28 being the final day. As can be seen there 
was no observed mortality for the 0% and 25% treatments while the 50%, 75% and 100% 
treatments all saw some mortality. In the 50% treatment a total of 15% of the worms died, in the 
75% treatment 5% of the worms died and in the 100% treatment 10% of the worms died. 
 
Figure 4 Survival (+/- SD) of L. variegatus exposed to 5 different sediment treatments varying in organic content on day 28 of 
Experiment 1. O0 and O25 had 100% survival (n=5), O50 had 85% survival +/-SD (n=5), O75 had 95% survival +/-SD (n=5), O100 
had 90% survival +/-SD (n=5). 
To compare the survival +/- SD on day 28 a bar chart was made. Figure 4 shows that there is no 
significant difference in regards to the survival between the five different treatments after 28 days 
of exposure (p>0.05, Kruskal-Wallis NP test).  
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Figure 5 Survival of L. Variegatus exposed to 10 different treatments composed of five different sediment treatments with two 
different concentrations of copper (140 and 220 mg/Kg dw sediment) over the course of Experiment 1. All the treatments had 
0% survival after 24 hours exposure (n=5). 
In figure 5 the survival of the copper-spiked treatments (140 & 220 mg/kg dw) can be seen. All 10 
treatments saw a 100% mortality rate which was observed after one day of exposure. 
7.1.3 Growth 
 
Figure 6 Average length (+/-SD) of L. variegatus before (Start) and after 28d in the five sediment treatments with different 
amounts of organic matter (O0, O25, O50, O75 and O100), with no significant difference between the start and at day 28 of 
exposure (p>0,05, Kruskal-Wallis NP test) (n=5) 
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Over the course of Experiment 1, the length the worms did show a small tendency of being 
decreased at the end of the experiment. And as can be seen in figure 6 there was no significant 
difference between the Start measurements (day 0) and any of the five treatments (day 28) from 
(p>0.05, Kruskal-Wallis NP test).   
 
Figure 7 Average wet weight (+/-SD) of L. variegatus before (Start estimated) and after 28 days of exposure in the five sediment 
treatments with varying amounts of organic content (O0, O25, O50, O75 and O100). No significant difference between the 
estimated start weight and the weights at day 28 (p>0.05, Kruskal-Wallis NP test) (n=5) 
The weight of the worms did not show any notable change over the course of the experiment 
(figure 7). It was also confirmed that there was no significant difference between the Start value 
and any of the five treatments (p>0.05, Kruskal-Wallis NP test).   
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7.1.4 Additional observations 
 
Figure 8 – L. Variegatus that has lost its tail from the O100 treatment on day 28 of Experiment 1 (picture taken with an Olympus 
SC30 camera mounted on an Olympus SZ61 microscope 2x magnification) 
 
Figure 9 – L. Variegatus that has lost its head from the O100 treatment at day 28 of Experiment 1 (picture taken with an Olympus 
SC30 camera mounted on an Olympus SZ61 microscope 2x magnification) 
A noteworthy observation made during Experiment 1 was that as can be seen in figure 8 and 9, 
after 21 days some worms would discard either their tail or head. These worms however were 
randomly distributed and did not show any pattern in regards to which of the five treatments in 
which they appeared. 
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7.1.5 Burrowing Activity 
 
Figure 10 Percentage of unburrowed L. variegatus in five different sediment treatments differing in organic content over the 
course of four different days (1, 2, 5, and 7). A shows the percentage of unborrowed worms on day 1, with a significant 
difference between the O100 treatment an O0 and O25 (p<0.05, Kruskal-Wallis NP test) (n=5), between O0, O25, O50 and O75 
there was no significant difference (p>0.05 Kruskal-Wallis NP test) (n=5). B shows unborrowed worms on day 2, there was no 
significant difference between the treatments (p>0.05 Kruskal-Wallis NP test) (n=5). C shows unborrowed worms on day 5, there 
was no significant difference between the treatments (p>0.05 Kruskal-Wallis NP test) (n=5). D shows unborrowed worms on day 
7, there was no significant difference between the treatments (p>0.05 Kruskal-Wallis NP test) (n=5). 
In figure 10 the burrowing activity of L. variegatus over the course of the first seven days of 
Experiment 1 can be seen. These four days are presented because these were the days with the 
highest levels of burrowing activity. After the first seven days the burrowing activity decreased and 
became sporadic and only very little burrowing was seen. 
There is a tendency that the treatments with higher levels of TOM (O50, O75 and O100) also had 
higher levels of burrowing activity. No burrowing activity was observed at all for the treatments 
with lower levels of TOM (O0 and O25). The only significant differences however were seen on day 
one between the 0% and 25% treatment when compared with the 100% treatment (p<0.05, 
Kruskal-Wallis NP test). None of the other days or treatments showed any significant differences 
(p>0.05, Kruskal-Wallis NP test). 
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7.2 Influence of copper 
7.2.1 Concentration-response – Copper in sediment 
 
Figure 11 Survival of L. variegatus over the first nine days of exposure to four different concentrations of copper (25, 50, 75 and 
100 mg/kg) and one control (0 mg/kg).  0 mg/kg had 100% survival (n=3), 25 mg/kg had 5% survival on day 1, 3% survival on day 
4 and 0% survival on day 7 (n=3). 50, 75 and 100 mg/kg all had 0% survival on day 1 of exposure (n=3). 
Figure 11 show the results of Experiment 2, which was conducted to check whether the copper 
concentrations used for Experiment 1 were too high. As can be seen practically all worms except 
for three in the 25 mg/kg treatment died after a single day of exposure and the remaining three 
were all dead after one week. The control treatment with no copper had zero mortality over the 
course of the nine days of the dose-response experiment, and continued to survive with no 
observed mortality for another two weeks until termination. Due to the lack of mortality in the 
control we can confirm the handling of the worms was not the cause of mortality. 
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7.2 .2 Copper concentrations in overlaying water 
 
Table 3 Measured copper concentrations in overlying water in regards to the calculated values of copper added to the 
sediments. 
  
Figure 12 Copper concentrations in the overlying water of Experiment 1 and 2 as a function of the calculated concentrations 
added to the sediment. The tendency line shows that it closely resembles an exponential curve. 
The concentrations of copper that entered the overlying water of both experiments can be seen in 
table 3. As more copper was added to the sediment, the levels of copper that entered the 
overlying water increased exponentially as shown figure 12, in which this exponential increase of 
the copper concentration in the overlying water can be seen as an exponential graph. The natural 
sediment also naturally has about 16 mg Cu/kg dw sediment. 
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8. Discussion 
8.1 Influence of sediment organic matter content 
8.1.1 Total organic matter - TOM 
One of the most important aspects of this experiment was the variation in organic material in the 
sediment. By using H2O2 to remove organic material from the sediment, 75.61% of the organic 
material was successfully removed when comparing with the natural sediment (O100). This shows 
that the method used was efficient for removal of organic material, though with modifications, 
more organic material could have been removed. When the treatments were mixed they were 
weighed precisely with regards to their ww:dw ratios ensuring minimal influence from potential 
differences in ww at the time of mixing.  
The measurements of TOM of both the O25 and O50 treatments gave lower results (0.10% and 
0.03% respectively) than expected when compared to the results for the O0 and O100 treatments. 
Assuming the O0 and O100 treatments were measured correctly, the O25 was expected to be 
0.17% and the O50 expected to be 0.25%. It is therefore assumed that the results of the O25 and 
O50 treatments are due to errors of measurement. The O50 treatment gave a TOM lower than the 
O0 treatment, which is not possible. The O75 treatment gave a result of 0.33%, which is exactly 
the value expected from the mixing of H2O2 (O0) treated and natural sediment (O100). This gives 
confidence in the assumption that errors have occurred in the O50 treatment.  
8.1.2 Survival & growth 
Two of the endpoints used in Experiment 1 were survival and growth. 100% mortality was 
observed in all sediment spiked with copper, but no significant mortalities were observed in any of 
the treatments without copper. The mortality observed in the treatments without copper seemed 
either sporadic or concentrated on a single replicate (one well plate). The only mortalities 
observed for the O100 treatment were located on a single well plate which could mean that 
though insignificant, the mortality could have been the result of an error with that individual 
replicate. 
The fact that the differing levels of TOM did not significantly affect the worms could mean several 
things. It could mean that even the level of TOM in the O0 treatment was sufficient to feed the 
worms over the course of the experiments duration, and that L. variegatus can be kept with a 
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minimal amount of food. This was recorded in experiments conducted by Phipps et al. (1993) who 
kept L. variegatus in water from Lake Superior in 35 days without feeding them yet observed zero 
mortality, though it was not specified if there were sediment present. Phipps et al. (1993) did not 
give any indications on how this impacted the weight and length of the worms, but it is an 
indication that the amount of organic matter in the sediment is not important for the survival of L. 
variegatus over a period of 28 days. Though insignificant, there was a trend of the worms being 
smaller after the 28 days compared to the beginning of the experiments. This trend was seen in 
both length and weight, but the small difference in length is most likely caused by the worms 
being a little less stretched at the end measurement. This cannot explain the tendency for 
weighing less, but because it’s live weight, the amount of water in the worm can have an effect on 
the weight. Another possible reason for the tendency of negative growth could also be explained 
by observation of worms which had discarded either their head or tail. The discarded parts would 
at first seemingly continue to move around for a while before dying. This behavior was not 
observed at the start of the experiment but began happening towards the end. This behavior is 
known as autotomy, but is normally only seen when trying to escape predators (Drewes, 2004). 
When looking at the worms regenerated from the head section, noticeable growth was observed 
over the course of the experiment; this was, however, not measured but only estimated. This 
could suggest that even though the O100 treatment, with its 0.41% organic matter, has the 
amount of organic matter recommended in the OECD guideline no. 225 (2007) of between 0.4 and 
0.5% TOM, this is not enough to promote considerable growth in the worms. Other unknown 
factors could also be part of the explanation.  
8.1.3 Burrowing activity  
Overall the worms in Experiment 1 seemed to become more inactive as the experiment went on. 
This is supported by the fact that the burrowing activity of the worms decreased as the 
experiment progresswed and eventually plateaued with the only significant amounts of burrowing 
being seen in the first few days. This is quite different to what others have observed as other 
experiments experienced the activity going up after experiment started until reaching a plateau 
higher than the initial activity (Landrum et al., 2002). The O0 and O25 treatments saw no 
burrowing activity in contrast to the significantly higher amount of activity in the O100 treatment. 
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This could imply that the worms are more likely to burrow into sediment in which organic material 
is found. 
The overall combination of the worms showing reduced growth, discarding tails and heads, and 
their activity decreasing over time could imply that an unknown factor was affecting all the 
worms. This could potentially be stress related, or could indicate that the worms did not have 
adequate space. Furthermore, in nature, L. variegatus tend to be found in big groups, while in 
Experiment 1 the worms were held individually, which could have an influence on the worms. 
8.2 Concentration-response 
Experiment 2 was designed to find an explanation as to whether the high mortality observed in 
part b and c of Experiment 1 was due to too high copper concentrations or another unknown 
factor. Because 28 day experiments are seemingly rare in regards to copper toxicity tests with L. 
variegatus, it was decided to check if the concentrations found in the literature were too high. 
As in part b and c of Experiment 1, the concentration-response experiment showed a much 
greater mortality compared to what would have been expected when looking at the results of 
other experiments of copper toxicity in L. variegatus. According to Roman et al. (2007) the 28 days 
no observed effect concentration (NOEC) was at 114 mg Cu/kg dw sediment. According to this, 
there should not have been any mortality in the dose-response experiment. This suggests that 
either the concentration of the Cu-solution was higher than calculated, or more copper than 
expected had entered the water phase. If assuming the calculations of added concentration was 
performed correctly, it would suggest high concentrations of copper in the overlaying water. 
Roman et al. (2007) also did toxicity tests in the overlying water. The results of these were 39.2 µg 
Cu/L, which show a much higher sensitivity to copper when in the water than in the sediment. 
West et al. (1993) found that the 10 day LC50 for L. variegatus, was 35 µg Cu/L, and O’Gara et al. 
(2004) recorded a mortality of approximately 90% within 24 hours of exposure with a 
concentration of 102 µg Cu/L. Seeing that there was only 1% survival in the dose-response 
concentration of 25 mg Cu/kg dw sediment, the water concentration must have been even higher 
than the 102 µg Cu/L. 
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8.3 Copper concentrations in overlying water 
As seen by the results of the measured copper concentrations in the overlaying water, this is could 
be part of the explanation of the high mortality in the experiments. The measured concentrations 
are significantly higher than any of the concentrations found in the literature. The approach of the 
experiments followed the OECD guideline no. 225 (2007) with some modifications, because 
natural sediment was used instead of artificial sediment. 
The high concentrations indicate that the copper had not bound properly in the sediment. This 
could be due to several factors, such as disturbing the sediment when changing the overlaying 
water, saturation of the sediment, or the copper not reaching equilibrium between the sediment 
and water. 
The change of water before the worms were added to the treatment was done very carefully as to 
not disturb the sediment, and get additional copper into the water. It cannot be rejected, 
however, that it could still have an effect on the copper concentration in the overlaying water. 
Looking at the results of the concentration measurement, it would appear that the sediment 
becomes saturated and simply cannot hold anymore copper. Soils ability to bind positively charged 
ions is referred to as the cation exchange capacity (CEC); cations binds to clay and organic matter 
in the sediment (Brown & Lemon, 2015), (Ketterings et al., 2007). It would have been optimal to 
measure all the different amounts of TOM, to get first hand information on how the amount of 
TOM influences the concentrations of copper in the overlying water, and give an idea about the 
influence on the change on CEC. There is a competition between the cations for the binding sites 
on the organic matter, and it binds copper more tightly than any of the other micro nutrients 
(Schulte & Kelling, 1999). From the definition of CEC, the sediment can bind certain amount of 
copper. Because the copper measurements show an exponential increase in the amount of 
copper, it would seem that with increasing concentration less of the extra added copper can be 
bound to the organic material. This could be part of the explanation, and though there could be a 
difference in how well the artificial and natural sediment binds copper, this should not be as 
significant as what we observed in these experiments. 
The third possibility is the copper not reaching equilibrium between sediment and water. The 
initial experiments was done with an equilibration period of 24 hours, but the dose-response 
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experiments had a three day equilibration period, and these still had a significantly higher 
concentration of copper in the overlaying water. The copper was added in a way to ensure that 
the ww:dw ratio did not change too much, which could have made it more difficult for the copper 
to bind to the sediment. This is the most probable explanation, but none of the explanations can 
be rejected on basis of the scope of this study. 
9 Conclusion 
 
In part a of Experiment 1, there was no significant difference observed for the survival between 
the different treatments (p>0.05, Kruskal-Wallis NP test). Likewise there were no observed 
differences in growth (p>0.05, Kruskal-Wallis NP test).  From these results it can be concluded that 
L. variegatus seem to be able to thrive in sediment with low amounts of organic matter without 
increase in mortality and loss of body mass. There was a tendency of increased burrowing activity 
during the initial period and in higher amounts of organic matter. On day 1 there was a significant 
difference between the O100 treatment and the O0 and O25 treatments (p<0.05, Kruskal-Wallis 
NP test). Thereafter the burrowing activity plateaued and no significant burrowing was observed 
for the remainder of the experiment. It can be concluded from the results of this experiment that 
L. variegatus is not significantly affected by different amounts of organic matter. 
In part b and c of Experiment 1, 100% mortality was observed after 24 hours of exposure 
regardless of the amount of organic material in the sediment. In Experiment 2, 100% mortality was 
seen in all treatments, except from 25 mg/kg dw sediment, where the mortality was at 90% on day 
1-3, 93.33% on day 4 and 100% on day 7. The high mortality could be due to the high 
concentrations of copper entering the overlaying water, where it is reported to be far more toxic 
to the worms.  This could be caused by the Cu ions not binding properly in the sediment and not 
reaching equilibrium before use, because of the copper being added in to small amounts of 
solvent, but further study is necessary to verify this, as this was not covered by the scope of this 
experiment. It can be concluded that more research is needed to describe the influence of the 
amount of organic matter on the sensitivity of L. variegatus towards copper. 
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10 Perspective 
If more time had been available the experiments would have been done again, with modifications, 
to optimize the experimental design and methods used, for example the method for spiking.  It 
would also have been interesting to find out if there is a difference between the capability to bind 
copper in artificial and natural sediment. This would be interesting in regards to how the results of 
experiments with artificial sediment can be transferred to nature. The effects of the amount of 
organic material on the toxic effects of different toxic compounds are an interesting subject for 
further investigation. To optimize the method of spiking, it would be interesting to study how 
different amounts of solution, which are diluted to ensure the addition of the same amount of 
copper in all tests, affects how well the sediment binds the copper, and if there is a difference in 
regards to how dry the sediment is when the copper is added. In these experiments the worms 
were held separated to better be able to keep track of each worm, but because they tend to be 
found in what could be described as large groups in nature, and because they tend to curl up into 
a big ball of worms when lying dormant in water, it could be interesting to investigate whether it 
would have an effect if they were kept in groups throughout the experiment. 
The increasing concentration of copper in water ecosystems puts the extensive use of copper into 
perspective. Nevertheless, even though the toxic effects of copper in the environment is widely 
known and researched, it has not yet been subject of discussion in regard to the usage of copper 
for many human purposes. Copper is like many other resources discussed in regards to circular 
economy, which deals with recycling as many resources as possible, and using them over and over 
again. But because copper is used in many places which is exposed to weathering and in medicine, 
it would be optimal to research the possibilities of shifting towards other materials that do not 
possess the same toxic effect on the environment. Furthermore, because copper is being used as 
plumbing in most households, it would be a good idea to research the possibilities of 
implementing removal of heavy metals in the Danish treatment of sewage water. 
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11 Appendix 
Our appendix will include our raw data and some general information about the laboratory work 
 
11.1 Appendix A: Copper calculations 
Example calculation of the amount of solution added to the sediment in experiment 1 part b and c, results 
for both is shown in table 4. 
First the mass of copper (mCu) that should be added was calculated by the following equation, 
where Ccu is the wanted concentration of copper, and msed is the amount of sediment used. 
 =  ∗ %+ = 140  ,⁄ ∗ 0.100 , = 14.00  
Then it was calculated how many mols (n) this was equivalent to, by the following equation, where 
M is the molarmass for copper. 
 =

.
=
14.00 ∗ 10
−3

63.546  ⁄
= 2.20 ∗ 10
−4
   
Then the volume(VCu) of Cu-solution to add was calculated by the following equation, where Csol is 
the concentration of the Cu-solution. 
0 =

%
=
2.20 ∗ 10
−4

1.17/1
∗ 1,000,000 μ1 1⁄ = 188,03 μ1 
 
CCu 140 mg/kg 220 mg/kg 
mCu 14,00 mg 22 mg 
nCu 
2,20*10
-4
 
mol 
3,46*10
-4
 mol 
Vsol 188,03 µL 295,90 µL 
Table 4 results of the calculations of Cu-solution added to the sediment to obtain 140 and 220 mg Cu/kg dw sediment 
 
 
 
